Advances in genetic methods have enabled the study of genes involved in human neurodegenerative diseases using Drosophila as a model system 1 . Most of these diseases, including Alzheimer's, Parkinson's and Huntington's disease are characterized by age-dependent deterioration in learning and memory functions and movement coordination 2 . Here we use behavioral assays, including the negative geotaxis assay 3 and the aversive phototaxic suppression assay (APS assay) 4, 5 , to show that some of the behavior characteristics associated with human neurodegeneration can be recapitulated in flies. In the negative geotaxis assay, the natural tendency of flies to move against gravity when agitated is utilized to study genes or conditions that may hinder locomotor capacities. In the APS assay, the learning and memory functions are tested in positively-phototactic flies trained to associate light with aversive bitter taste and hence avoid this otherwise natural tendency to move toward light. Testing these trained flies 6 hours post-training is used to assess memory functions. Using these assays, the contribution of any genetic or environmental factors toward developing neurodegeneration can be easily studied in flies.
Introduction
In this video, we will demonstrate two behavioral assays using Drosophila to demonstrate the measurement of locomotion and learning and memory functions that are compromised in neurodegenerative disorders. First, we will show how locomotor behavior can be measured using the negative geotaxis assay. Second, we will assess learning and memory abilities using positively-phototactic flies that are trained to associate light with an aversive bitter taste and then tested 6 hours later to assess memory functions. Finally, we will discuss the implications and limitations of these behavior assays. 
Equipment and Reagents

Preparing the Flies
• Flies are maintained on standard cornmeal-agar-molasses-yeast medium at 25°C on a 12 hr light/dark cycle.
• Virgin flies are isolated under carbon dioxide anesthesia on the day of eclosion. For aging studies, flies are maintained in groups of twenty per vial and transferred to a fresh vial every 3 days. It is important to use sibling flies from the same parental cross for aging studies, to minimize differences arising from genetic backgrounds.
• For both the assays, flies are sexed and maintained in groups of ten flies per vial. The gender difference on behavior is significant and it is advisable not to mix male and female flies in a study as data might be hard to interpret and reproduce 6 .
• For negative geotaxis assay, flies are sorted into groups of ten per vial and tested one hour after anesthesia. It is important for flies to recover completely from anesthesia as this might have an effect on locomotor activities. • For APS assay, flies of each group are placed in an empty polystyrene vial with water moistened filter paper for six hours before the assay is performed. This ensures that the flies are starved before the assay and will be more perceptive to aversive taste. Just before the assay is performed, each fly from a group of ten is placed in an empty 15mL centrifuge tube, which is then capped loosely, to avoid escape.
Negative Geotaxis Assay
• Geotaxis is generally measured for ten to twenty groups of ten individuals of the same genotype or treatment (100-200 flies total for each genotype/treatment) 7 . Sort groups of ten female or male flies on a CO 2 anesthesia apparatus and place each group in a separate vial. Allow at least one hour for the flies to recover from anesthesia.
• Prepare the climbing apparatus for each group, such that two empty polystyrene vials are vertically joined by tape facing each other. It is important to make sure that the openings of the vials are perfectly aligned with each other to provide an even climbing surface for the flies.
• For the lower vial, measure a vertical distance of 8 cm above the bottom surface and mark each vial by drawing a circle around the entire circumference of the vial.
• Transfer a group of ten flies into the lower vial carefully preventing the escape of any fly. Immediately cover the lower vial with the top vial and tape securely near the contacting openings. Allow the flies to acclimatize to the new setting for 1 minute before conducting the assay.
• Gently tap the flies down to the bottom of the vial and measure the number of flies that can climb above the 8-cm mark by 10 seconds after the tap.
• Repeat this assay for the same group ten times, allowing for 1 minute rest period between each trial.
• Record the number of flies per group that passed the 8-cm mark as a percentage of total flies.
Aversive Phototaxis Suppression Assay (APS Assay)
Originally adapted from Le Bourg and Buecher (2002) 4 , this assay exploits the positive phototactic behavior in flies to train them to associate light with aversive stimuli (in this case, bitter taste of quinine). After a training/conditioning phase, wild type flies will be able to associate the lighted area with aversive taste and avoid it. Flies with compromised learning capacities will fail to make this association. Furthermore, the APS assay can also be used to measure short term memory function of flies 5 by subjecting already trained flies to the same test 6 hours post conditioning to test their ability in remembering the learned task.
Preparing the Quinine Solution
• Dissolve quinine hydrochloride in distilled water to make a 0.1M stock solution (1.98g in 50mL distilled water). The stock solution can be kept at -20°C for up to a year in small aliquots • Prepare a working solution of 1 μM by diluting the stock solution in distilled water.
Preparing the T-Maze
• T-maze consists of the center column with the trap door and two independent chambers, a "dark" chamber and a "lighted" chamber ( Figure 1 ). • Chamber preparation: take two 15mL plastic centrifuge tubes and cut at 2 mL mark from the bottom closed end with a manual saw. Fit the connector adapters at each end, and seal the connection with parafilm. The adapter at the end of the tube serves as the input slot for the gooseneck light source. Connect one tube with the light source and this tube will be the "lighted" chamber. Wrap the other tube with aluminum foil to serve as the "dark" chamber.
• Add 180uL of either distilled water or quinine solution to filter paper and place in the light chamber.
• Assemble the T-maze by screwing the lighted and dark chambers on each side of the center column, with the trap door in the middle closed ( Figure 1 ). • Insert the light source into the lighted chamber. Slowly open the trap door that separates the two chambers.
• If the fly walks to the lighted chamber within 10 seconds, it is considered positively phototactic and is ready to be trained for the assay.
Failure in phototaxis indicates problems in the visual system and flies with negative phototaxis need to be excluded from the assay. • For Aversive Phototaxis Suppression (APS) training, tap the fly that demonstrated positive phototaxis back to the dark chamber, close the trap door and turn off the light. Allow 30 seconds of acclimatizing. During this time put filter paper with quinine solution into the lighted chamber. Slowly open the trap door and turn on the light. Allow the fly walk into the quinine coated lighted chamber. After one minute, tap the fly back to the dark chamber and repeat this 9 more times. (Typically, wild type flies avoid the lighted chamber after 3 to 5 training trials.) • Immediately after training, five test trials will be conducted. In each test trial, allow 10 seconds after light is turned on for the trained fly to walk to the lighted chamber. Failure to walk to the lighted vial will be recorded as "Pass", which is equivalent to "task learned through reinforcement". The Pass rate over five consecutive trials is recorded and shown below in Figure 2 as PC0 (0 hr post conditioning).
Assessing Short-Term Memory Function in Flies
• After training and initial PC0 recordings, each fly is placed back into its original food vial and kept aside for six hours.
• Six hours post training, subject each fly to 5 trials again in the same way as before, and record the number of times the fly avoids (pass) or goes into (fail) the lighted vial. This pass rate is recorded as PC6 (6 hrs post conditioning), which is an indicator of short term memory.
Data Interpretation and Statistical Analysis
Negative Geotaxis Assay
• The raw data generated from this assay represents the number of flies crossing the 8-cm mark in 10 seconds in each group. Convert this to percentage and compute the average pass rate for each group over 10 sessions.
• Data is represented graphically as an average pass rate per group (genotype, treatment etc.) with the standard error of mean (SEM).
• Differences between groups can then be determined to be statistically significant or not using a Student T-test or ANOVA.
Aversive Phototaxis Suppression Assay
• The raw data from this assay is represented as the number of times each fly avoids the lighted chamber in five successive trials. The pass rate is calculated as the percentage of successful avoidance trials over the total trials. Calculate the average pass rate in this manner for a minimum of 15 flies per group.
• Data is graphically represented as average pass rate PC0 (immediately after conditioning; "learning" indicator) or average pass rate PC6 (6 hours post conditioning; "memory" indicator) with respective SEM.
• Learning and memory indices are compared between groups with both wild type and "genetically-manipulated-benign" group (such as GFP overexpressing flies) appropriately.
Representative Results
In this video experiment, we are assessing learning and memory and motor deficits in flies overexpressing human Tau in the central nervous system and comparing their performance to those of flies overexpressing GFP. Neuronal overexpression of human Tau in Drosophila has been shown to cause severe vacuolization in the brain 8 and lead to significant deficits in learning and memory functions 9 . As shown in Figure 2A , 10 day old male or female flies overexpressing human Tau have significant locomotor deficits compared to age-matched GFP overexpressing flies. In addition, these flies failed to associate light with bitter taste as shown by PC0 pass rate compared to the control group, as well as fail to remember this association as shown by a decline in PC6 pass rate ( Figure 2B ). This experiment further validates that Drosophila models can be used for studying human neurodegenerative conditions and recapitulating some of the behavioral phenotypes observed in humans and mammals. Representative results from the negative geotaxis and APS experiment using flies overexpressing GFP or Tau with a panneuronal driver. A. In the negative geotaxis assay, 10-day old male (blue column) or female (red column) flies overexpressing GFP showed higher climbing activity than Tau-overexpressing flies. B. 20-day old female flies overexpressing GFP showed better learning (PC0) and memory (PC6) functions than Tau overexpressing flies.
Discussion
Both negative geotaxis and APS assays are robust behavioral assays to measure changes in locomotor or learning and memory capacities arising from genetic or environmental manipulation. However, there are some disadvantages to these assays that await further optimization.
In negative geotaxis assay, mutations in certain genes can render severe motor dysfunctions in flies. In such cases, the flies can hardly climb the walls in response to gravity upon agitation. Other behavior assays that directly measure movement may be more appropriate. These assays include righting reflex behavior that measures paralysis and seizure 10 , and optomotor behavior 11 that records loss of movement coordination.
In APS assay, the first hindrance can be flies randomly stopping at the entrance of the lighted chamber without moving forward. This becomes more of an issue if aging is one of the conditions studied, since older flies are less active in general and tend to stop and rest for long periods of time. In this case the experimenter has to provide mechanical stimuli to promote movement, which is not always effective. Second, one might argue that the failure to go to the lighted chamber results from a loss of positive phototaxis. This is rarely the case, since previous work has shown that flies turn back to light responsiveness once the negative reinforce is removed 4 . Third, the duration of contact with the aversive stimulus may vary from trial to trial. This variation can usually be reduced by encircling the inner wall of the chamber with soaked filter paper to prevent flies from avoiding the quinine. In addition, the experimenter can ensure that each fly spend enough time in contact with the filter paper by increasing the amount of time spent in the chamber from the otherwise noted 1 minute.
In summary, negative geotaxis and APS assays are fast and simple ways of assessing behavioral deficits and quantitatively indicate locomotor and learning and memory abilities in Drosophila. These assays are particularly useful in modeling human neurodegenerative conditions in Drosophila.
